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BODY PRODUCED THEREBY 

(57) Abstract 

The present invention is related to a method 
of producing a nanopoious body containing nanodi- 
amonds and having a desired shape, comprising the 
steps of: forming an intermediate body having the de- 
sired shape of nanodiamond particles having a maxi- 
mum size of 10 nm, exposing said body to a gaseous 
hydrocarbon or a mixture of hydrocarbons at a tem- 
perature exceeding the decomposition temperature for 
the hydrocarbon or the hydrocarbons. In accordance 
with the invention the intermediate body is formed 
with a porosity of 50-80 vol.%, and during the heat- 
treatment of the intermediate body with hydrocarbon 
or hydrocarbons the mass of said body is increased 
by 50 % at the most. The present invention also re- 
lates to a nonoporous body produced by said method 
and to uses of such a body. 
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A me-bhod of producing a composite, more precisely a nanopo- 
rous body and a nonoporous body produced thereby > 

The present invention relates to a method of producing a 
composite, more precisely a nanoporous body containing 
nanodiamonds and having a desired shape, comprising the 
steps of forming an intermediate body having the desired 
5 shape of nanodiamond particles having a maximum size of 10 

nm, and exposing said body to a gaseous hydrocarbon or a 
mixture of hydrocarbons at a temperature exceeding the 
decomposition temperature for the hydrocarbon or the hydro- 
carbons. The invention also relates to a nanoporous body 
10 produced by said method and uses of such a body. 

The term "nanodiamonds" in the present application refers 
to diamonds, also known as ultradispersed diamonds (UDD) , 
which can be produced by dynamic methods of applying shock 

15 waves. The extremly small dimensions of the nanodiamond 

particles of maximum 10 nm provide unic[ue physical and 
chemical properties. However, these small dimensions pre- 
vent application of these diamond powders in the tradi- 
tional diamond fields of usage; grinding and cutting tools, 

20 heat-conducting devices, etc. Thus, there is a problem to 

create compact engineering materials on the base of nanodi- 
amonds . 

From "Kompozitsionnyie mater ialy ultradispersnyie almazy- 
25 pirouglerod" , by S.K Gordeev et al. in "Neorganicheskiie 

materialy", 1995, T. 31, # 4, pp. 470-474, a method of 
producing a composite material comprising nanodiamonds and 
pyrocarbon is known. This method comprises the steps of 
forming an intermediate product by pressing diamond powder, 
30 the particles therein having a maximum size of 10 nm, and 

subsequent thermal treatment in hydrocarbon medium at a 
temperature higher than the temperature of thermal decompo- 
sition of said medium in order to increase the mass of the 
intermediate product by more than 50%. In the course of the 
35 treatment the diamond grains are bonded together into a 

carbon composite in which the major component is carbon • 
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By this method a compact material is obtained and this 
nanodiamond-pyrocarbon material combines a nanodiamond fil- 
ling and a carbon matrix. The carbon bonding layer will 
have a thickness of several nanometers, the pore size in 
this material being very small. In such a material the mass 
ratio of the carbon matrix to diamond filling exceeds 0.8 
and the volume of the open pores constitutes only io% of 
the total volume of said material. A material having such a 
small volume of open pores and a low value of specific 
surface has low adsorption and ion exchange properties. 
Moreover, the high mass content of pyrocarbon in the mate- 
rial makes it unsuitable to use as a base material for 
producing diamond materials or as a substrate for growing 
diamond coatings. 

The object of the invention is to create a nanoporous body 
having good adsorption and ion exchange properties and a 
low content of pyrocarbon skeleton in order to obtain a 
nanocomposite material suitable for use in several tech- 
nical areas, such as a sorption material, an active adsor- 
bent of metal ions in solutions, a purifying membrane, 
electrodes in double electric layer capacitor and a sub- 
strate for growing diamond films and a base material for 
preparing diamond crystals or diamond containing ceramics. 

This object is accomplished by a method of producing a 
nanoporous body containing nanodiamonds and having a desi- 
red shape, comprising the steps of, 

- forming an intermediate body having the the desired shape 
of nanodiamond particles having a maximum size of lo nm, 

- exposing said body to a gaseous hydrocarbon or a mixture 
of hydrocarbons at a temperature exceeding the decomposi- 
tion temperature for the hydrocarbon or the hydrocarbons, 
characterized in that the intermediate body is formed with 
a porosity of 50-80 vol.%, and in that during the treatment 
of the intermediate body with hydrocarbon or hydrocarbons 
the mass of said body is increased by 50% at the most. 
Thereby a nanoporous body with a large specific surface and 
a low mass ratio of carbon skeleton to nanodiamonds is 
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obtained. Such a body has good adsorption and ion exchange 
properties and permits, due to the optimal ratio of carbon 
skeleton to nanodiamonds, a use of the body as a substrate 
for growing diamond films and for synthesizing diamond 
materials. 

In a preferred embodiment the forming of the intermediate 
body is made by pressing. 

In another embodiment the forming of the intermediate body 
is made by slip or slurry casting or by applying a diamond 
slip on the surface of a heat-proof support. A diamond slip 
with a concentration of 3 to 40 weight% of nanodiamonds 
therein is used. 

The invention also relates to a nanoporous body comprising 
nanodiamond particles having a maximum size of 10 nm, a 
pyrocarbon skeleton and open pores, which is characterized 
in that the ratio of the mass of the pyrocarbon skeleton to 
the mass of the nanodiamond particles does not exceed 0,8. 

In a preferred embodiment the volume of open pores consti- 
tutes more than 10% of the volxime of the body. 

The invention furthermore relates to the use of a nanopo- 
rous body comprising nanodiamond particles having a maximum 
size of 10 nm, a pyrocarbon skeleton and open pores, in 
which the ratio of the mass of the pyrocarbon skeleton to 
the mass of the nanodiamond particles does not exceed 0.8, 
as an electrode in a double electric layer capacitor, as a 
substrate for synthesizing of diamond films and as base 
material for synthesizing of diamond crystals or diamond 
ceramics. 

The invention will now be described with reference to the 
enclosed drawing, in which; 

Fig. 1 shows a calibration curve for the thermal treatment 
of an intermediate body according to example 1, and 
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Pig. 2 schematically shows the structure of a nanoporous 
body according to the invention, and 

Figs. 3 and 4 show magnified views in different magnifica- 
tions taken from above of a diamond film grown on the 
surface of a nanoporous body according to the invention. 

The method according to the invention comprises the follo- 
wing steps . 

At first an intermediate body having the desired shape of 
the end product, i.e. the desired shape in a macroscale, is 
formed of nanodiamond powder, the particles thereof having 
a maximum size of lo nm (nanometers) . The formation is made 
by pressing, when needed a temporary binder, such as ethyl 
alcohol or agueuse solution of polyvinyl alcohol, is used, 
so that the intermediate body after the formation has a 
porosity of 50 to 80 vol.%. The formation can also be made 
by slurry casting in molds or on a surface of a heat-proof 
support . 

Thereafter, the formed intermediate body is placed in a 
reactor and heat-treated in a gaseous hydrocarbon or in a 
mixture of hydrocarbons at a temperature that is higher 
than the temperature, at which the hydrocarbon or the 
hydrocarbons decompose. During this treatment a chemical 
reaction takes place on all surfaces accessible to the gas 
agent and a carbon skeleton binding the nanodiamonds toget- 
her in the intermediate body is formed. The heat-treatment 
is to be carried on for as long as it takes to get the 
desired bonding, the desired guantity of carbon skeleton in 
the body and the desired porosity. However, the mass of the 
carbon skeleton should not exceed 50% of the mass of the 
nanodiamonds in the intermediate body. 

By this method a nanoporous body with a high porosity and 
high capillary effect is produced. In Figure 2 the struc- 
ture of a part of such a body is schematically shown. As is 
evident from this Figure a carbon skeleton 1 has been 
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formed on all surfaces of the nanodiamond particles 2, 
which were accessible to the gaseous hydrocarbon during the 
heat-treatment. Moreover, due to the porosity of the in- 
termediate body and the ending of the heat-treatment before 
the mass of the carbon skeleton exceed 50% of the mass of 
nanodiamonds in the body, a significant amount of nanopores 
3 are present in the composite body. It is also pointed out 
that although the shape of the intemediate body is somewhat 
changed in the microscale of Figure 2 the composite end 
body produced by the abovementioned method has the same 
shape as the intermediate body when regarded in a macrosca- 
le. 

The nanoporous body shown in Figure 2 has good adsorption 
and ion-exchange properties. Moreover, it has an optimal 
ratio of carbon skeleton mass to diamond mass, not excee- 
ding 0.8, which makes it possible to use such a body for 
synthesizing diamonds from said material using conditions 
where diamond is thermodynamically stable. It is also app- 
ropriate to use such a body as substrate for the production 
of diamond surfaces (films) , the nanodiamond grains on the 
surface of the body serving as initiators enhancing the 
growth rate of the diamond film. Figures 3 and 4 show 
magnified views from above of a diamond film grown on the 
sxirface of a nanoporous body according to the invention, 
the degree of magnification indicated by length marks in 
lower parts of the Figures. As is evident from those Fi- 
gures the diamond film on such a substrate is very fine- 
grained and smooth. Furthermore, such diamond films have an 
excellent adhesion to the substrate. 

The following examples demonstrate several aspects of the 
invention. 

Example 1. 



An intermediate body having a diameter of 2 0 mm and a 
height of 1 mm and a porosity of 66% were formed from 
nanodiamond powder under a pressure of 3 0 to 200 MPa. 
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Thereafter, the obtained interaediate body was placed in an 
isothermic reactor. A pyrocarbon skeleton was formed in the 
intermediate body from natural gas at a temperature of 730 
to 74 0 ""C in accordance with the chemical reaction; 

5 CJi„ inc + n/2 

The intermediate body is to be treated for the time neces- 
sary to increase its mass by 20 weight%. The duration of 
the treatment was determined by the calibrating curve shown 
in Figure 1. In this Figure the mass alteration of an in- 

10 termediate body with a porosity of 66% and exposed to a 

flow of natural gas having a temperature of 735 ^'C is shown 
as a function of time. The mass alteration is expressed in 
percent of the mass of the intermediate body before the he- 
at-treatment, the intermediate body being weighed at room 

15 temperature. As is evident from Figure 1, the weight of the 

intermediate body is decreased in the initial stage of the 
heat-treatment, probably due to outgassing. For the in- 
termediate body of this example the treatment time was 10 
hours and the body was accordingly taken out of the reactor 

20 after this time. The basic properties of the obtained 

composite body were; a porosity of 40 vol.%, a pore size of 
4 nm and a specific surface of 200 m^/cm^. Static adsorp- 
tion capacity of the composite body by benzene vapour was 
0.40 cm^/cm^. The ratio of carbon skeleton mass to diamond 

25 mass in the composite body was 0.45 and the volume of open 

pores constituted 40 percent of the volume of the body. 
When 1 gram of the composite body were kept in a solution 
containing ions of platinum in a concentration of 5 mg/1, 
the concentration of the platinum ions were reduced by 75%. 



30 



Example 2. 



The method was carried out in the same way as in Example 1. 
However, ethyl alcohol was used as a temporary binder for 
35 the nanodiamond powder. The porosity of the formed interme- 

diate body were 50 vol.% and the thermal treatment lasted 
for 4 hours. The increase of mass of the inteinnediate body 
were 5% and the electrical double layer capacity of the 
body was 5 F/cm^. 
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The xnetihod was carried out in the same way as in Example 1. 
The porosity of the formed intermediate body was 7 0 vol.% 
5 and the thermal treatment lasted for 80 hours. The increase 

in mass of the intermediate body was 50% and the porosity 
of the obtained composite body was 10 vol.%. 

The body was used as a substrate for diamond film synthese 
10 from a mixture CH^+H^ at a temperarure of 1050 **C. An in- 

tensive growing of diamond film on the surface of the body 
took place, the diamond grains on the surface of the body 
serving as initiators. 

15 When using slurry casting in accordance with known tech- 

nique for forming the intemediate body, suspension of the 
diamond powder in water or in waterless liquid phase 
(paraffin, for example) in concentrations of 3 to 40 
weight% is used as a slip. Such a slip has good fluidity, 

20 high sedimentation stability and good mold filling pro- 

perties. In order to avoid the slip to separate into 
layers, common stabilizing agents can be used. The satura- 
tion limit of the suspension for the diamond powder is to 
be determined by the capacity of the slip to fill up a mold 

25 well enough to form the intermediate body. 

The slip is to be prepared by making a suspension by adding 
diamond powder to to the disperse medium and by subsequent 
stirring of the suspension in a mixer or vibrating the 
30 suspension in a ultra-sound disperser. The casting is, for 

example, made in a gypsum mold. The obtained porosity of 
the formed intermediate body is 70 to 80 vol.%. 

The casted intermediate bodies are to be heat-treated in 
35 gaseous hydrocarbon or a mixture of hydrocarbons at the 

same temperatures as intermediate bodies produced by pres- 
sing. 



Thin films or coatings can be produced by dipping a heat- 
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proof support, for example made of a ceramic material, such 
as Sic, carbon substrate, carbon fibres, etc, into the dia- 
mond slurry and a subsequent thermal treatment in hydrocar- 
bon or hydrocarbons at temperatures that are higher than 
the decomposition temperatures for the hydrocarbons. Coa- 
tings of this kind can for example also be produced by 
spraying or electrophorese deposition of the diamond slurry 
on the surface of the heat-proof support and subsequent 
heat-treatment as explained above. With the help of said 
methods, carbon composite coatings with a thickness of 0.5 
to 1 mm have been obtained on surfaces of heat-proof sup- 
ports . 

By the above described embodiments of the inventive method 
nanoporous composite carbon bodies are created having an 
open porous structure. 



In Table 1 important characteristics of the intermediate 
body and the composite nanoporous body, obtained after the 
heat-treatment, are shown for the abovementioned different 
ways of forming the intermediate body. 



Table 1 



Intermediate body 



Composite body 



Forming method Porosity 

vol.% 



Porosity Ratio of open pores 
vol.% carbon volume 

skeleton to vol.% 
diamond 



Pressing 50-75 
Slurry casting 65-80 
Slip casting 65-80 



10-70 0.02-0.8 10-70 

10-70 0.10-0.81 10-70 

10-70 0.10-0.8 10-70 
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In Table 2 essential properties of nanoporous composite 
carbon bodies according to the invention and a carbon 
composite body produced in accordance with the known method 
referred to above are shown. 



Table 2 



Manufacturing method 



10 



15 



20 



Pressing & thermal 
treatment 
Slurry casting & 
thermal treatment 
Slip casting & 
thermal treatment 
Known method 



Sorption capacity 
by benzene vapour 
cm^/cm^ 



0-7-0.1 

0.7-0.1 

0.7-0.1 
0.062 



Double electric 
layer capacity 
in 30% H2SO4 
solution, F/cm^ 



<0.5 



The following method were used to determine the properties: 



The sorption capacity by benzene (CgHg) was determined by 
keeping a dried sample of the composite in saturated ben- 
zene vapour until its mass stopped to change. By the change 
in the sample mass the volume of the adsorbed benzene was 
calculated, the density value of liquid benzene being used 
for the calculation. 



30 The electric double layer capacity was determined by put- 

ting two identical composite samples, which were previously 
saturated with a sulphuric acid solution and equipped with 
electric contacts, into said solution and by reading the 
electric capacity in constant current between the contacts. 

35 The capacity was correlated with the volume of both sam- 

ples. 



A nanoporous carbon composite body according to the present 
invention has a high adsorption capacity, electrical con- 
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ductivity and a large inner surface. Such a body can for 
example be used as; 

- an efficient sorption body with a sorption space of up to 
0.7 cmVcm^ and pore sizes of up to some nanometers, which 
is important for adsorption of large molecules, 

- an active adsorbent of ions of heavy metals/such as 
platinum, palladium, etc., in solutions, 

- a membrane to purify biological products and blood as 
well, 

- an adjustable adsorbent, the electrical conductivity of 
said body permits the appliance of eletrical potential to 
the body in order to adjust the adsorption and desorption 
processes , 

- an electrode in a double electric layer capacitor, the 
large inner surface of the body permitting such a use, 

- a substrate of similar thermal dilatation to synthesize 
diamond films, where the nanodiamond grains on the surface 
thereof serve as initiators. 

A body produced according to the claimed method is also 
very promising for the synthesis of large diamond crystals 
or diamond ceramics under conditions of high static or 
dynamic pressures. 



wo 97/11923 



11 



PCT/SE96/01216 



Claims 

1. A method of producing a composite, more precisely a 
nanoporous body containing nanodiamonds and having a desi- 
5 red shape, comprising the steps of, 

- forming an intermediate body having the the desired shape 
of nanodiamond particles having a maxiiaiun size of 10 nm, 

- exposing said body to a gaseous hydrocarbon or a mixture 
of hydrocarbons at a temperature exceeding the decomposi- 

10 tion temperature for the hydrocarbon or the hydrocarbons, 

characterized in that the intermediate body 
is formed with a porosity of 50-80 vol.%, 

and in that during the heat-treatment of the intermediate 
body with hydrocarbon or hydrocarbons the mass of said body 
15 is increased by 50% at the most. 



2. Method according to Claim 1, characterized 
i n that the forming of the intermediate body is made by 
pressing. 

3. Method according to Claim 1, characterized 
i n that the forming of the intermediate body is made by 
slurry casting. 



25 4. Method according to Claim 1, characterized 

i n that the forming of the intermediate body is made by 
applying a diamond slip on the surface of a heat-proof 
support • 



30 5. Method according to Claim 3 or Claim 4, charac- 

terized in that a diamond slip with a concentra- 
tion of 3 to 40 weight % of nanodiamonds therein is used. 

6. A nanoporous body comprising nanodiamond particles (2) 
35 having a maximum size of 10 nm, a pyrocarbon skeleton (1) 

and open pores (3), characterized in that 
the ratio of the mass of the pyrocarbon skeleton (i) to the 
mass of the nanodiamond particles (2) does not exceed 0.8. 
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7. A nanoporous body according to Claim 6, charac- 
terized in that the volume of open pores (3) 
constitutes more than 10% of the volume of the body. 

5 8. Use of a nanoporous body comprising nanodiamond par- 

ticles having a maximum size of 10 nm, a pyrcarbon skeleton 
and open pores, in which the ratio of the mass of the pyro- 
carbon skeleton to the mass of the nanodiamond particles 
does not exceed 0.8, as an electrode in a double electric 
10 layer capacitor. 



9. Use of a nanoporous body comprising nanodiamond par- 
ticles having a maximum size of 10 nm, a pyrcarbon skeleton 
and open pores, in which the ratio of the mass of the pyro- 
15 carbon skeleton to the mass of the nanodiamond particles 

does not exceed 0.8, as a substrate for synthesizing of 
diamond films. 



10. Use of a nanoporous body comprising nanodiamond par- 
20 tides having a maximum size of 10 nm, a pyrcarbon skeleton 

and open pores, in which the ratio of the mass of the pyro- 
carbon skeleton to the mass of the nanodiamond particles 
does not exceed 0.8, as base material for synthesizing of 
diamond crystals or diamond ceramics. 



25 
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